Studies analyzing Ebola virus replication have been severely hampered by the extreme pathogenicity of this virus. To permit analysis of the host range and function of the Ebola virus glycoprotein (Ebo-GP), we have developed a system for pseudotyping these glycoproteins into murine leukemia virus (MLV). This pseudotyped virus, MLV(Ebola), can be readily concentrated to titers which exceed 5 ؋ 10 6 infectious units/ml and is effectively neutralized by antibodies specific for Ebo-GP. Analysis of MLV(Ebola) infection revealed that the host range conferred by Ebo-GP is very broad, extending to cells of a variety of species. Notably, all lymphoid cell lines tested were completely resistant to infection; we speculate that this is due to the absence of a cellular receptor for Ebo-GP on B and T cells. The generation of high-titer MLV(Ebola) pseudotypes will be useful for the analysis of immune responses to Ebola virus infection, development of neutralizing antibodies, analysis of glycoprotein function, and isolation of the cellular receptor(s) for the Ebola virus.
Ebola viruses are the causative agent of a severe hemorrhagic fever disease associated with mortality rates of up to 88% in humans (1, 15) ; because of this, they have been classified as biosafety level 4 agents. The Ebola and closely related Marburg viruses are nonsegmented, negative-sense RNA viruses that constitute the filovirus family (16) . They have a unique filamentous morphology with a uniform diameter of 80 nm and variable length of up to 14 m. Filoviruses are enveloped and express a single membrane-anchored glycoprotein that has been shown to exist as a homotrimer for the Marburg virus (8) . The Ebola virus envelope glycoprotein (Ebo-GP) has a molecular mass of approximately 140 kDa and, as the sole viral spike protein, is presumed to be responsible for mediating viral entry into target cells (7, 31) .
By a process known as pseudotyping, enveloped viruses can incorporate heterologous viral glycoproteins into their lipid membranes during budding (6, 18, 27) . These pseudotyped viruses acquire the host range of the virus from which the heterologous glycoprotein was derived (3, 28) . The use of such pseudotyped viruses enables the rapid analysis of the function of a viral glycoprotein. For instance, we have previously shown that the effects of a variety of mutations within the subgroup A avian sarcoma and leukosis virus (ASLV-A) glycoprotein on viral entry can be evaluated through the production of murine leukemia virus (MLV) virions pseudotyped with these mutant glycoproteins (24) .
Productive Ebola virus infections have been found to occur in a variety of animal systems, including human, simian, and bat (1, 2, 29) . However, few reports describe the cell tropism of Ebola virus (22, 30) , and restrictions to viral entry at the cellular level are unclear. To investigate the cellular tropism of Ebola virus, we examined the host range of MLV particles pseudotyped with the Zaire subtype of Ebo-GP [MLV (Ebola)]. Infectious MLV(Ebola) pseudotypes were efficiently produced and could be concentrated to high titers. MLV (Ebola) exhibited a very broad host range, infecting a variety of different cell lines from multiple species and tissue types. We found that MLV(Ebola) did not infect cells of the lymphoid system, while control vesicular stomatitis virus (VSV) G protein-pseudotyped MLV virions did. Therefore, our results suggest that one in vivo block to Ebola virus replication in lymphoid cells is the lack of a functional viral receptor on these cells.
The production of MLV(Ebola) pseudotypes allowed us to evaluate the ability of a polyclonal antiserum raised against Ebo-GP to inhibit MLV(Ebola) infection. Antibodies capable of abrogating Ebo-GP-mediated entry might have important utility as a therapeutic agent for Ebola virus infection. The results of our experiments indicate that neutralizing epitopes do exist within Ebo-GP and suggest that MLV(Ebola) pseudotypes will provide a rapid and efficient means to screen panels of antibodies for a neutralizing effect against Ebola virus.
In addition, these pseudotyped viruses provided us with a means to better characterize the Ebo-GP-mediated entry event. We examined the effects of weak bases, such as chloroquine and ammonium chloride, on MLV(Ebola) infection. Our results indicate that Ebo-GP-mediated entry is a pH-dependent process and thus show that these pseudotyped viruses are a useful reagent with which to examine the function of Ebo-GP.
MATERIALS AND METHODS
Cell lines and antibodies. Human embryonic kidney 293T cells, baby hamster kidney (BHK) cells, and murine NIH 3T3 cells were maintained in Dulbecco's modified Eagle medium supplemented with 10% bovine calf serum. Human cervical carcinoma (HeLa) cells, human microglial (U87) cells, African green monkey kidney cells (Vero, BSC-1, and Cos-7), Madin-Darby canine kidney (MDCK) cells, Madin-Darby bovine kidney (MDBK) cells, bovine aorta endothelial cells (BAEC), and porcine kidney (PK-15) cells were maintained in Dulbecco's modified Eagle medium supplemented with 10% fetal calf serum. Chinese hamster ovary (CHO) cells were maintained in Ham's F12 medium supplemented with 10% fetal calf serum. The Nalm-6 and Daudi human B-cell lines were maintained in RPMI 1640 medium supplemented with 20% fetal calf serum. The HUT-78 and CEM(E) human T-cell lines were maintained in RPMI 1640 supplemented with 10% fetal calf serum. IF-1 murine ␥␦ T cells were maintained similarly to the HUT-78 cells with the addition of nonessential amino acids (0.1 mM), L-glutamine (2 mM), vitamins, ␤-mercaptoethanol (10 Ϫ5 M), and sodium pyruvate (1 mM). WEHI murine B cells were maintained similarly to the Nalm-6 cells with the addition of nonessential amino acids (0.1 mM) and sodium pyruvate (1 mM). Tb 1 Lu bat lung cells were maintained in modified Eagle medium supplemented with 10% fetal calf serum. Pt K1 marsupial cells were maintained like the Tb 1 Lu cells with the addition of sodium pyruvate (1 mM). QT6 quail sarcoma cells, turkey embryonic fibroblasts (TEF), and chicken embryonic fibroblasts (CEF) were maintained in M199 medium supplemented with 5% fetal calf serum, 1% chicken serum, and 10% tryptose phosphate broth. All cell lines were in addition supplemented with penicillin (100 U/ml), and streptomycin (100 g/ml).
Pt K1, Tb 1 Lu, PK-15, MDCK, and MDBK cell lines were generously provided by Richard Sutton (University of California, San Francisco). WEHI cells were kindly provided by Edward Scott (University of Pennsylvania). Nalm-6, Daudi, HUT-78, and CEM(E) cells were kindly provided by James Hoxie (University of Pennsylvania). IF-1 cells were kindly provided by Simon Carding (University of Pennsylvania). U87 and CHO cells were kindly provided by Robert Doms (University of Pennsylvania).
A rabbit polyclonal antibody recognizing the Zaire subtype of Ebo-GP was generously provided by Anthony Sanchez (Centers for Disease Control and Prevention). Goat anti-MLV AKR capsid p30 antibody was purchased from Quality Biotech Inc. (Camden, N.J.).
Plasmids and expression. The cDNA encoding the Zaire subtype of Ebo-GP was kindly provided by Anthony Sanchez (Centers for Disease Control and Prevention) in the vector pGEM3Zf(Ϫ) as a BamHI-KpnI fragment. This gene was excised from pGEM3Zf(Ϫ), using the BamHI and EcoRI restriction enzymes, and cloned into the mammalian expression plasmid pCB6 to create the plasmid pCB6-Ebo-GP. Ebo-GP was transiently expressed in 293T cells by a standard CaPO 4 transfection procedure. Briefly, 293T cells were seeded at between 50 and 70% confluence the day prior to transfection. The 293T cells were refed 1 h prior to transfection. Then, a DNA cocktail containing between 20 and 60 g of the DNA to be transfected, 50 l of 10 ϫ NTE (8.77 g of NaCl, 10 ml of 1 M Tris [pH 7.4], and 4 ml of 0.25 M EDTA [pH 8 .0] in a final volume of 100 ml in H 2 O), and 62.5 l of 2 M CaCl 2 , brought to a final volume of 500 l with H 2 O, was prepared. This DNA cocktail was added dropwise to 500 l of 2ϫ transfection buffer (1 ml of 0.5 M HEPES [pH 7.1], 8.1 ml of H 2 O, 0.9 ml of 2 M NaCl, and 20 l of 1 M Na 2 HPO 4 ) and left at room temperature for 30 min. This solution was then added dropwise to the 293T cells and left on overnight. The next day, the cells were refed with fresh medium. Forty-eight hours posttransfection, cell monolayers were lysed in Triton lysis buffer (50 mM Tris [pH 8], 5 mM EDTA, 150 mM NaCl, and 1% Triton X-100). The proteins of the cell lysates were resolved by sodium dodecyl sulfate-polyacrylamide electrophoresis (SDS-PAGE) and then transferred to nitrocellulose membranes. Ebo-GP expression was detected by Western blot analysis as previously described (23), using the anti-Ebo-GP antibody described above at a 1:1,000 dilution and a horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (Pierce, Rockford, Ill.) at a 1:20,000 dilution. The pHIT/G plasmid (10) encoding the VSV G protein was kindly provided by M. Malim (University of Pennsylvania). The pCB6-EnvA plasmid encoding the ASLV-A envelope glycoprotein has been previously described (13) . The pHIT60 and pHIT111 plasmids have been previously described (26) .
Production of MLV pseudotypes. A modification of a transient MLV packaging system (26) was used to assay the ability of Ebo-GP to mediate infection. pCB6-Ebo-GP, pHIT/G, or pCB6-EnvA plasmids were mixed with plasmids encoding MLV Gag-Pol (pHIT60) and a packageable genome encoding the ␤-galactosidase reporter gene (pHIT111). These DNA mixtures were transfected into 293T cells as described above to produce MLV(Ebola), MLV(VSV), and MLV(ASLV-A), respectively. Approximately 20 g of plasmid was used in each experiment. Forty-eight hours posttransfection, medium containing virus was collected and clarified by both centrifugation for 10 min at 1,500 ϫ g and filtration through a 0.45 m-pore-size syringe filter. These supernatants were stored at either 4 or Ϫ80°C as viral stocks. Transfected-cell monolayers were lysed and analyzed for Ebo-GP expression as described above.
All experiments involving the production and functional analysis of replication-incompetent MLV(Ebola) pseudotypes were performed under biosafety level 2 containment as approved by the University of Pennsylvania Institutional Biosafety Committee.
To analyze the incorporation of Ebo-GP into MLV virions, 3.5 ml of clarified viral stock solution was layered onto 2 ml of 20% sucrose in phosphate-buffered saline (PBS) and centrifuged at 55,000 rpm in an SW55 rotor for 15 min. Pelleted virions were lysed in RIPA buffer (140 mM NaCl, 10 mM Tris [pH 8.0], 5 mM EDTA, 1% sodium deoxycholate, 1% Triton X-100, and 0.1% SDS) and resolved by SDS-PAGE. Western blot analysis was used to detect expression of Ebo-GP as described above, and MLV p30 capsid was detected with the goat anti-MLV AKR capsid p30 serum (described above) at a 1:2,500 dilution and a horseradish peroxidase-conjugated rabbit anti-goat secondary antibody at a 1:20,000 dilution.
Analysis of Ebo-GP-mediated host range. The cell lines described above were seeded at 3 ϫ 10 5 to 5 ϫ 10 5 cells/well in a six-well dish the day prior to infection. Various dilutions of viral stocks were made in 1 ml (final volume) of maintenance medium. These solutions were then used to challenge target cells. Twelve hours postchallenge, 1 ml of fresh medium was added to the cells. Thirty-six hours later, the cells were washed with PBS and then fixed in 2% paraformaldehyde. The cells were washed in PBS two additional times and then stained for ␤-galactosidase activity with X-Gal solution (3. Concentration of virus was performed as described elsewhere (3). Briefly, clarified viral stocks were centrifuged at 25,000 rpm in an SW28 rotor for 90 min. The supernatant was decanted, and various volumes of TNE buffer (50 mM Tris [pH 8], 130 mM NaCl, 1 mM EDTA) were used to resuspend the pelleted virions overnight at 4°C. These suspensions were then used to infect cells as described above.
Neutralization. MLV(Ebola) viral stocks were incubated with various dilutions of either the polyclonal anti-Ebo-GP antibody described above or a control rabbit nonimmune serum for 30 min at room temperature. The antibody-treated virions were then used to infect 293T cells in the presence of the same concentrations of antibody. Forty-eight hours postinfection, viral titers were enumerated as described above.
pH dependence of MLV(Ebola) infection. QT6 cells were incubated with various concentrations of either chloroquine or ammonium chloride (Sigma, St. Louis, Mo.) for 1 h at 37°C. These cells were then infected with either MLV (ASLV-A), MLV(VSV), or MLV(Ebola) as described above, in the continued presence of drug. Sixteen hours postinfection, the cells were fed with fresh medium. Enumeration of infected cells was performed 48 h postinfection as described above.
RESULTS

Expression of Ebo-GP.
The cDNA encoding the Zaire subtype of Ebo-GP was engineered into the mammalian expression plasmid pCB6 under the control of the cytomegalovirus immediate-early promoter. Ebo-GP expression mediated by this construct was examined by transient transfection of 293T cells. Forty-eight hours posttransfection, cellular lysates were prepared and then analyzed by SDS-PAGE and Western blotting with a polyclonal antiserum raised against Ebo-GP. Analysis of lysates from cells transfected with the pCB6-Ebo-GP construct demonstrated two bands that reacted specifically with the Ebo-GP-specific antiserum (Fig. 1A, lane 2) and whose apparent molecular masses of approximately 110 to 140 kDa corresponded to the previously described sizes for Ebo-GP (7, 31) .
Production of MLV(Ebola) pseudotypes. To determine the function of Ebo-GP, we attempted to incorporate this glyco- protein into MLVs as the sole viral spike protein (26) . These pseudotyped particles are denoted MLV(Ebola). To determine if Ebo-GP was incorporated into MLV, 293T cells were transiently transfected with plasmids encoding MLV Gag-Pol (pHIT60) and an MLV genome containing a ␤-galactosidase reporter gene (pHIT111) with or without pCB6-Ebo-GP. Forty-eight hours posttransfection, cellular supernatants were harvested and clarified by centrifugation and filtration. Virions were partially purified by ultracentrifugation through 20% sucrose, and the resulting viral pellets were lysed. Viral particle composition was examined by Western blot analysis of the lysates, using anti-Ebo-GP and anti-MLV capsid sera. Similar amounts of MLV Gag protein (Pr65 and p30) were detected in both viral pellets with an anti-MLV capsid serum (Fig. 1C ), indicating that MLV particle production was roughly equivalent in both transfections. In viral pellets from cells cotransfected with Ebo-GP, a 140-kDa band was detected after blotting with an anti-Ebo-GP antiserum (Fig. 1B, lane 2) . This suggests that of the two proteins detected in cellular lysates with anti-Ebo-GP antiserum (Fig. 1A, lane 2) , only the 140-kDa protein was efficiently incorporated into the MLV virions. The 140-kDa protein appears to correspond to the previously described mature, endo-␤-N-acetylglucosaminidase H-resistant form of Ebo-GP presumably found on virions (31), suggesting that MLV(Ebola) pseudotypes are a relevant model for studying Ebo-GP function.
Analysis of Ebo-GP-mediated host range. The ability of Ebo-GP to mediate infection was initially investigated using human 293T cells as targets for infection. Forty-eight hours after infection with MLV(Ebola), the cells were stained for the ␤-galactosidase activity encoded by the MLV genome. The titer of MLV(Ebola) on 293T cells was found to range from 10 4 to 10 5 IU/ml (see Table 1 ). Parallel infections were carried out with MLV particles produced in the absence of a viral envelope protein; these virions were unable to mediate detectable levels of infection. We also incorporated the VSV G protein into MLV particles as a control to distinguish a block in entry from postentry effects on the MLV core, since the VSV G protein has been shown to confer a wide host range to MLV (3). The titers of these MLV(VSV) pseudotypes were consistently higher than that of the MLV(Ebola) and ranged between 5 ϫ 10 5 and 2 ϫ 10 6 IU/ml on 293T cells (see Table 1 ). The production of MLV(Ebola) pseudotypes enabled us to examine the potential cellular tropism conveyed by Ebo-GP by assaying infection of a variety of cell lines derived from different species and tissues. All cell lines listed in Table 1 were permissive for both MLV(Ebola) and MLV(VSV), demonstrating the wide cellular tropism conferred by Ebo-GP. The viral titers obtained on the individual cell lines varied quite dramatically, but in general this variation was consistent between MLV(Ebola) and MLV(VSV). For example, compare the titers obtained on 293T, QT6, and BAEC, which all displayed titers for MLV(Ebola) that were generally 100-fold lower than those of MLV(VSV). Thus, this variation might reflect a general defect in viral entry in these cells or, more likely, a problem in integration or expression of the MLV genome. Certain cells, such as the marsupial Pt K1 and bat lung Tb 1 Lu lines, yielded extremely low titers in MLV(Ebola) infection (data not shown). This was not unexpected, since these cells were relatively nonpermissive for MLV(VSV) infection ( Table 1 ). Given that the MLV(Ebola) titers were so low, we attempted to concentrate MLV(Ebola) by centrifugation to facilitate the analysis of MLV(Ebola) infection in these cell lines (3). MLV(Ebola) was produced as described above, and the virion-containing supernatants were gently centrifuged. The resulting viral pellet was resuspended and used to infect target cells. We achieved over 80% virion recovery and increased titers of MLV(Ebola) to 6 ϫ 10 6 IU/ml as measured on 293T cells (Table 2) . Concentrated MLV(Ebola) was used to infect those cell lines for which the MLV(VSV) titer was low (Table 1) , clearly demonstrating the ability of MLV(Ebola) to infect them.
In the course of our survey of the cellular tropism of MLV (Ebola), we noted that cells of the lymphoid lineage appeared to be resistant to infection by this virus. (Table 3) . MLV(VSV) infected these cell lines efficiently, with titers ranging from 10 4 IU/ml on HUT-78 human T cells to 10 6 IU/ml on the Nalm-6 B-cell line. MLV(Ebola), however, was unable to infect any of these six murine or human lymphoid cells.
The fact that the lymphoid cells were permissive for MLV (VSV) infection but refractory to MLV(Ebola) suggested that the receptor for Ebo-GP might not be present on these lymphoid cells. Alternatively, lymphoid cells might secrete a factor that interferes with the interaction between Ebo-GP and the cellular receptor, in a manner similar to that by which chemo- (5) . To address whether this was the case, we cocultivated 293T cells with the human Nalm-6 B-cell line for 12 h and then challenged the cocultivated cells with MLV(Ebola). The MLV(Ebola) titer on these 293T cells cocultivated with Nalm-6 cells was evaluated 36 h postinfection and was equivalent to that on 293T cells that had not been cocultivated (data not shown). Similar cocultivation studies with the CEM(E) and Daudi lymphoid cell lines also showed no effect on 293T infection (data not shown). These data suggest that a soluble factor is unlikely to be responsible for the blockade of Ebo-GP-mediated entry into lymphoid cells.
Neutralization of MLV(Ebola).
One potential use of MLV (Ebola) pseudotypes is in the evaluation of antibodies for their ability to neutralize Ebola virus. To address this question, we investigated the ability of an anti-Ebo-GP polyclonal serum to neutralize MLV(Ebola). MLV(Ebola) was incubated with either anti-Ebo-GP or a control serum at various dilutions for 30 min at room temperature and then used to infect 293T cells in the presence of these same concentrations of antiserum (Fig.  2) . The anti-Ebo-GP polyclonal serum was able to block MLV (Ebola) infection of 293T cells in a dose-dependent manner, displaying a maximum inhibition of approximately 80% at a dilution of 1:50, whereas a control serum had little effect even at the lowest dilution tested. In experiments with wild-type Ebola virus, similar neutralization results have been observed with this anti-Ebo-GP serum (24a), suggesting the relevance and utility of MLV(Ebola)-pseudotyped viruses as a safe alternative for analyzing host immune responses to Ebola virus and for evaluating potential therapeutic neutralizing antibodies.
Inhibition of MLV(Ebola) infection by lysosomotropic agents.
To analyze further the Ebo-GP-mediated entry event, we investigated whether MLV(Ebola) infection could be modulated by pretreatment of target cells with lysosomotropic agents. These agents raise the pH of the endosomal compartment and efficiently block viruses that require a low-pH step for entry (19) (20) (21) . QT6 cells were chosen as targets for infection because they are susceptible to infection by MLV(ASLV-A), which exhibits pH-independent entry (14) , and MLV(VSV), whose entry is pH dependent (20, 32) . QT6 cells were incubated with various concentrations of chloroquine or ammonium chloride for 1 h and then infected with MLV(Ebola), MLV(VSV), or MLV (ASLV-A). Incubation of target cells with either of these weak bases clearly inhibited MLV(Ebola) infection (Fig. 3) . Chloroquine at a concentration of 200 M had little effect on the MLV(ASLV-A) titer but reduced that of MLV(Ebola) to 0.01% of the untreated control. Similarly, ammonium chloride treatment of target cells did not adversely affect the titer of MLV (ASLV-A) but reduced the MLV(Ebola) titer by 63% at a concentration of 50 mM. Pretreatment of QT6 cells with these agents inhibited infection by the pH-dependent MLV(VSV) with a dose response similar to that seen with MLV(Ebola) (Fig. 3) . Together, these data strongly suggest that Ebo-GPmediated entry is pH dependent.
DISCUSSION
The high mortality rate associated with filovirus infection and the lack of any effective therapeutic strategy have led to their classification as biosafety level 4 pathogens. This extreme pathogenesis has greatly hindered the study of their replication, and thus they remain a very poorly characterized group of viruses. To study the process of Ebola virus entry, we produced retroviral particles pseudotyped with Ebo-GP. Production of high-titer MLV(Ebola) pseudotypes (up to 6 ϫ 10 6 IU/ml) allowed analysis of the host range conferred by Ebo-GP. The host range conferred by Ebo-GP is very broad, enabling the infection by MLV(Ebola) of a variety of cell lines from diverse species and tissues. The infection of many of the cell lines described in Table 1 is not unexpected, since humans, monkeys, and bats have all been reported to be infectible by the Ebola virus in vivo (1, 2, 29) . A recent report suggests that pigeons and mice may be refractory to Ebola virus infection (29) . However, our results suggest that the described block to infection of these animals is not due to an inability of Ebo-GP to mediate viral entry into cells from these species, since NIH 3T3 murine fibroblasts, primary CEF and TEF, and quail muscle sarcoma cells (QT6) were effectively infected by MLV(Ebola).
Interestingly, we found that both human and murine cells of the lymphoid lineage were completely resistant to infection by MLV(Ebola). This block to infection mediated by Ebo-GP correlates with observations made during the course of infections with the Ebola virus in laboratory animals, in which lymphoid cells are generally uninfected by the virus (24a). In addition, both the HUT-78 and CEM(E) human T-cell lines have been shown to be resistant to infection by all subtypes of Ebola virus analyzed, as well as Marburg virus (22) . Together, these data suggest that cells of the lymphoid lineage either lack a functional Ebola virus receptor or somehow inhibit the Ebo-GPmediated entry event. Cocultivation of 293T cells with a number of lymphoid cell lines did not reduce the susceptibility of these cells to infection by MLV(Ebola), indicating that a soluble inhibitory factor was not likely to be the cause of the block to Ebola virus infection of B and T cells. The demonstration that B and T lymphocytes are unable to support Ebola virus entry should enable the cloning of the cellular receptor for Ebola viruses through complementation with genomic DNA or a cDNA library from a cell line susceptible to MLV(Ebola) infection.
The production of high-titer MLV(Ebola) pseudotypes will also allow studies of the function of Ebo-GP to be done. It has been noted that the carboxyl-terminal regions of Ebo-GP and the ASLV envelope glycoprotein are very similar, containing a conserved CX 6 CC motif, a potential internal fusion peptide domain, and a coiled-coil region (12) . These similarities between Ebo-GP and the well-characterized ASLV envelope provide a framework within which to analyze the function of specific regions of Ebo-GP through a targeted mutation strategy. The production of high-titer MLV(Ebola) pseudotypes will also allow studies of the overall function of the glycoprotein to be performed. Since Ebola virus must be handled as a biosafety level 4 pathogen, even relatively simple functional analyses, such as determining the pH dependence of entry, are laborious and expensive. In contrast, using MLV(Ebola) pseudotypes to address such questions is simple and straightforward.
The administration of neutralizing antibodies has been highly successful in mediating clearance of both rabies virus and hepatitis B virus from infected individuals (11, 17) , and it has been suggested that the administration of neutralizing antibodies early in the course of an Ebola virus infection might increase survival rates (25) . Moreover, in animals recovering from filovirus infection, the development of high-titer antibodies specific for Ebola antigens coincides with viral clearance (9) , suggesting that neutralizing antibodies may play a role in the clearance of Ebola virus from infected individuals. Our preliminary results from an analysis of an antiserum made against the viral glycoprotein indicate that neutralizing epitopes may exist within Ebo-GP. Experiments performed with this antiserum and wild-type Ebola virus have yielded very similar neutralization activity (24a). Therefore, MLV(Ebola) should be useful for rapid and effective screening of panels of antibodies for Ebola virus neutralization ability and for characterization of the humoral response to Ebo-GP in infected animals and individuals.
The results of experiments utilizing ammonium chloride and chloroquine show that MLV(Ebola) is very sensitive to pretreatment of target cells with weak bases, as are MLV(VSV) pseudotypes, while infection by MLV(ASLV-A), a pH-independent virus, is unaffected. These data suggest that entry of Ebola virus is pH dependent. The Ebola virus and ASLV glycoproteins exhibit extensive homology in a region postulated to be intimately involved with the fusion process (4, 12) . However, despite these similarities, the mechanisms of activation of the fusogenic machinery of Ebola virus and ASLV appear to differ. Further studies to confirm the pH dependence of Ebola virus entry, such as determination of whether cells expressing Ebo-GP can be induced to form syncytia upon treatment with an acidic medium or whether MLV(Ebola) virions can be inactivated by treatment with acid prior to infection of target cells, are currently under way.
We have described a system in which Ebo-GP can be efficiently pseudotyped into murine leukemia virus particles to produce high-titer, infectious MLV(Ebola) pseudotypes. Our results suggest that MLV(Ebola) virions accurately mimic the entry process of the Ebola virus, both in cellular host range and ability to be neutralized by treatment with a polyclonal antiserum raised against Ebo-GP, and indicate that Ebola may be a pH-dependent virus. These pseudotypes thus provide an ideal system in which to analyze immune responses to Ebola virus infection as well as to examine the function of Ebo-GP, and they will be useful in the identification of the cellular receptor for this deadly virus.
